The spectrophotometric and spectrofiuorometric investigations of the enzyme-substrate complex formation of p-hydroxybenzoate hydroxylase was made by the stopped-flow technique. The apparent velocity of the formation of the enzyme-substrate complex (the velocity of the absorbance change in visible and UV regions, and the velocity of the quenching of the fluorescence intensity in the FAD moiety of the holoenzyme by the substrate) was rapid enough to explain the maximal overall velocity (72 sec -1 ) or the activated anaerobic reduction rate (k™a = 200 sec -1 ). The results were consistent with a two-step mechanism involving a rapid bimolecular association of enzyme and substrate, and a slower follow-up unimolecular process. strate, p-hydroxybenzoate, and that the intensity of the fluorescence of the FAD moiety of the holoenzyme by the addition of p-hydroxybenzoate or its analogs. These changes are due to the formation of the complex between the enzyme and the substrate or substrate analog *> 5 . It was also reported that the binding of the substrate, p-hydroxybenzoate, to the active site of the enzyme caused a slight but distinct conformational change in enzyme molecule, and caused a remarkable increase in the rate of the anaerobic reduction of the FAD moiety (/cred in the presence of p-hydroxybenzoate was 10,000 times larger than that in the absence of p-hydroxybenzoate 3 ). This remarkable activation was considered as a result of the conformational change by the substrate binding 4 ' 6 . It is important to investigate whether the velocity of the enzyme-substrate complex formation, the changes both in protein conformation and in the FAD moiety, is rapid enough to explain the overall velocity = 72 sec -1 ) or not. This communication deals with the spectrophotometric and the spectrofiuorometric investigations of the Eox-S complex (holoenzyme-p-hydroxybenzoate complex) formation by the stopped-flow method. A standard procedure for the relaxation method has * Recently we detected new enzyme species during the presteady state of oxygenation process, these results will be published elsewhere 2 .
p-Hydroxybenzoate hydroxylase [EC 1.14.1.12.] from Pseudomonas desmolytica I AM 1123, one of monooxygenases, contains one mole of FAD per mole of enzyme. In the presence of NADPH and molecular oxygen, p-hydroxybenzoate is hydroxylated to yield protocatechuate 1 . The overall reaction consists of three sequential reaction steps: the formation of enzyme-substrate complex, the reduction of the FAD moiety of the complex and the reoxidation of the enzyme with concomitant formation of the product. Each of them can be observed by separate addition of three substrates, i. e., p-hydroxybenzoate, NADPH and 02 * in this order 3 > 4 . It is difficult, in general, to obtain the enzyme-substrate complex without formation of its product, since the complex is transient and unstable. In the case of p-hydroxybenzoate hydroxylase, however, the enzyme-substrate complex can be obtained as a chemically stable crystalline state in the absence of NADPH K It was reported that the absorption spectrum of the holoenzyme changed by the addition of the sub- strate, p-hydroxybenzoate, and that the intensity of the fluorescence of the FAD moiety of the holoenzyme by the addition of p-hydroxybenzoate or its analogs. These changes are due to the formation of the complex between the enzyme and the substrate or substrate analog *> 5 . It was also reported that the binding of the substrate, p-hydroxybenzoate, to the active site of the enzyme caused a slight but distinct conformational change in enzyme molecule, and caused a remarkable increase in the rate of the anaerobic reduction of the FAD moiety (/cred in the presence of p-hydroxybenzoate was 10,000 times larger than that in the absence of p-hydroxybenzoate 3 ). This remarkable activation was considered as a result of the conformational change by the substrate binding 4 ' 6 . It is important to investigate whether the velocity of the enzyme-substrate complex formation, the changes both in protein conformation and in the FAD moiety, is rapid enough to explain the overall velocity = 72 sec -1 ) or not. This communication deals with the spectrophotometric and the spectrofiuorometric investigations of the Eox-S complex (holoenzyme-p-hydroxybenzoate complex) formation by the stopped-flow method. A standard procedure for the relaxation method has * Recently we detected new enzyme species during the presteady state of oxygenation process, these results will be published elsewhere 2 .
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been applied to analyze the results. It is shown that the velocity of the Eox-S complex formation is very rapid, and the complex formation consists of two reversible reactions. The method used for the enzyme preparation was described previously 1 . All measurements were made at 25 °C in a phosphate buffer, 0.05 M, pH = 8.2. The Eox-S complex formation was studied by using the change in absorption spectrum (see the difference spectrum: solid line in Fig. 3) by the use of a Yanagimoto stopped-flow spectrophotometer SPU-1 7 . The Eox-S complex formation was also studied by using the quenching of the fluorescence due to the FAD moiety by the use of the same apparatus with a fluorescence equipment (excitation: 440 nm, emission: above 480 nm with a Kenko filter Y-2). The dead-time of the apparatus was less than 1 msec. The details of the apparatus was described elsewhere 8 The rapid complexing of Eox and S was also confirmed by the fluorescence stopped-flow experiments. The reaction curve which was regarded as a relaxation curve is shown in Fig. 2 . Under these conditions, the pseudo-firstorder rate constant, k = 700 sec -1 , was calculated from the half-time of the reaction curve. This value was in good agreement with that obtained from the absorbance change. The details of these experiments will be described elsewhere.
About 50% of the Eox-S formation reaction was estimated to occur within the dead-time (about 1 msec) 9 . The total absorbance changes at various wavelengths corrected for the dead-time of the apparatus from the stopped-flow traces assuming that the reaction follows a simple bimolecular reaction are shown by open circles in Fig. 3 . If the Eox-S formation follows a simple bimolecular reaction, the total absorbance changes should agree with the difference absorbance at all wavelengths. In visible wavelength region the total absorbance changes agreed with the difference absorbance in the difference spectrum considerably well. In UV region, however, the observed absorbance changes were about one third of the absorbance in the difference spectrum shown by the solid line in Fig. 3 . In other words, two thirds of the absorbance change has oc 1 1 1 1 1 1 1 1 1 1 1 J 1 1 1 1 1 1 1 This conclusion was confirmed by the dependency of the relaxation time, r ** on the substrate concentration. The standard procedure for the relaxation method 10 The results obtained in the present study on the complexing between Eox and S is, therefore, consistent with the two-step mechanism [Eqn. (3)], where the first step (Eox + S ^ Eox ~ S) is much faster than the second unimolecular step (Eox ~ S ^ Eox-S). The stopped-flow method offered us to observe r2 alone and xx is short to be observed. The value of was estimated to be 140 sec -1 from the vertical intercept, and k3 was estimated to be 480 sec -1 from the saturated level (k3 + ki) minus ki .
Eox~S in Eqn. (3) is an intermediate complex rapidly formed by the association of Eox and S.
The absorbance spectrum of Eox ~ S was different from the Eox only in UV region. The Eox-S complex which is derived from the Eox~S within a few milliseconds is the enzyme-substrate complex whose absorption spectrum is different from Eox in the visible and UV regions.
The multi-step interaction between the enzyme and its substrate analogs or its effector has been found by means of the temperature-jump method for the ribonuclease-cytidine-3'-phosphate system 12 , the chymotrypsin-proflavin system (competitive inhibitor) 13 , the aspartate transcarbamirase-S'-bromocytidine system 14 and the lysozyme-oligosaccharide system 15 . In these systems it has been reported that the reaction involves a unimolecular process that is attributed to isomerization of the enzyme-substrate (analog) complex or conformational change of the enzyme.
In the case of p-hydroxybenzoate hydroxylase, the second unimolecular step in Eqn. (3) may involve the changes in protein conformation and in the FAD moiety, and the velocity of which w r as rapid enough to explain the overall reaction. N. HIGASHI, H. SHOUN, K. YANO, K. ARIMA, and K The reduction by CO of diaquo-cobinamide, diaquo-cobyric acid and several complete aquocorrinoids in aqueous solutions was studied. Aquo-cobalamin-lactam and all the other corrinoids under study were reduced to (Coll). At 37 °C the reaction is about two to three times faster than at 22 °C, and it is inhibited by benzimidazole and (more strongly) by histidine. CO is a better reductans for diaquo-cobinamide and diaquo-cobyric acid than for the complete corrinoids. Corrinoids with a purine base are more quickly reduced than those with a benzimidazole base. The experiments show that the reaction of CO with corrinoids is inhibited or delayed by those trans ligands, which are strong electron donors. 
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